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A Comparison Study of ~he Thermal Performance of R12 and Rl34a. 
S.W. Cro~n " H.N.Shapiro M.B. Pate 
Department of Mechanical' Engineering 
Iowa State University 
.4:mes, Iowa 50010 
I ABSTRACT 
This paper discusses the findings of 'an experimental study designed to show ·the effect of changing refrigerants on the performance of a refrigeration system. The findings are based on a total of 88 independent tests using two refrigerants, namely R-12 and R·l34a. The test equipment consists of a fully instrumented, 3·ton refrigeration system which provides values for the system COP, cooling capacity, mass flow rate, and thermodynamic states of the refrigerant at the inlet and exit of each compon,ent in the system. The parameters varied, in the study are the evaporator and condenser sink temperatures and ·the amount .. of refrigerant used in the system. The evaporator exit superheat was maintained constant at 13.5 F (7.5"C) for all tests. 
The experimental results show that for almost all test conditions the R·134a operates with greater COP and cooling capacity. Th'is is especially true of the system when charged with R·l34a where the condenser subcooling is 10 to 15 F (5.6 to 7.5"C). The effects of operating conditions on system ·performance are presented in detail. Several questions are considered through examination of the thermodynamic states at key points in the system. For example, it is shown how the system can operate at a higher pressure ratio with R-134a and yet have a greater COP. than for the system 'charged with R·12. 
INTRODUCTION 
In a time where many air conditioning systems are being c;onverted from R·12 in an effort to' reduce the use of CFCs, an experimental study on system performance for difFerent refrigerants is appropriate. Several studies have been reported in literature related to this issue (Peterssori 1990, Snelson 1992, Snelson 1990, Vinyard 1991; Vinyard 1989} which can be c;ategorized as drop·in or thermodynamic; studies. Drop-in studies (Vinyard 1989) give a good representation of the expected change in performance for a particular applitation. Thermodynamic studies that focus on the thermodynamic states of the refrigerant (Snelson 1992) help explain the change in performance. The stud~ presented here is a first step in reconciling the dro_p-in and thermodynamic; approaches. Comparisons based on equivalent sink temperatures, as is done in typical drop·in studies, co·mbined with the variation of those temperatures, as is done in :Studies based on equivalent thermodynamic states, gives a' realistic and comprehensive look at sys'tem performanc;e. Qutistions that may be addressed with this c;ombined approach are: 
• How does system performance for an alternative refrigerant compare with that of R·12 when· the system is operated over a range of operating c;onditions? 
o What is the effect of refrigerant charge on system performance for the two refrigerants? 
• How do the thermodynamic states of the refrigerants in the individual <:omponents (ie. compressor, evaporator, and condenser) relate to the total system performance? 
To address these questions a project was undertaken ~o study the behavior of a fully in· strumented air conditioning system operating with two different refrigerants (CFC·l2, and HFC-134a) over a wide range of operating conditions . 
. EQUIPMENT AND CONTROL 
, The test equipment consists of a 3 ton (11 kW) refrigeration system and an air flow loop which provides controllable air-side c;onditions for the evaporator. The·air flow loop consists of several controllable heat exc;hangers, a squirrel tage fan, and a spray·humidifier. In addition to 
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the evaporator, the refrigeration system consists of a water-cooled shell-and-tube condenser
. 
an expansion valve, and a hermetically sealed piston compressor. · 
The air flow loop is automatically controlled to maintain air flow rate, humidity and tem-
perature at their desired values. A schematic of the air flow loop is shown in Figure 1. The 
air is recirculated by a variable speed fan in an insulated duct at flow rates up to 2500 cfm 
(71m3/min). Energy is input to the air stream by a steam coil (cross-flow heat exchanger) 
and an electric duct heater. The flow rate through the steam coil is manually adjusted with a 
gate valve such that only a portion of the heating load is met by the steam coil. The electri
c 
duct heater, which is controlled with a PID SCR controller, is used to meet the balance o
f 
the heating load so that the inlet air temperature at the evaporator remains constant at a se
t 
value. The inlet air temperature can be maintained at temperatures in th.e range of 55 to 95 
F (13 to 35•C). The humidity is controlled from 0-to 50% relative humidity by the adjust.ment 
of a gate valve on a steam spray humidifier. 
The refrigeration system being studied is shown schematically in Figure 2. The system is 
controlled by a thermostatic expansion valve or a hand. expansion valve. The hand expansion
 
valve can be controlled manually or by a servo-motor connected to a computer so as t.
o 
maintain a set lluperheat. In the latter case, the superheat is continually monitored and the
 
motor is controlled through a di·gital control scheme. 
The condenser water inlet temperature and flow rate are controlled with the use of a 
manually operated gate valve near the condenser inlet. The condenser water is pumped through
 
the condenser by a three-stage constant-speed centrifugal pump. Adjustment of a gate valve 
provides a range of water flow rates from 20 to 30 gpm (76 to 110 L/min). The water inh:!t 
temperature is controlled between 70 and 100 F (21 and 38°C) by partially recirculating water 
through the condenser. Water from the condenser exit is returned to the pump inlet holding
 
tank.and mixed with fresh cold water. A constant head is maintained in this tank with use o
f 
a stand pipe. A constant flow rate of the cold water is provided through the use of a second
 
tank and standpipe. The flow rate is regulated by the adjustment of a ball valve. 
INSTRUMENTATION 
The-refrigeration system is instrumented so tha~ its performance can be evaluated at various 
operating c;onditions. Instrumentation was selected so that the state of the refrigerant at the
 
inlet and exit of eac;h of the components in the system can be determined. This instrumentation
 
indu!les pressure transducers. thermocouple probes, and flow sensors as shown in Figure 2
. 




Additional instrumentation on the non-refrigerant side of the condenser, evaporator, and 
compressor is also installed, as shown in Figure 1. This additional instrumentation can be used 
to perform energy balances which can then be compared to refrigerant-side energy balances
. 
The condenser water inlet and exit temperature are measured with thermocouple probes, and
 
the water flow rate is measured with a drag flow meter. The air temperatures at the inle
t 
and exit of the evaporator are measured with a grid of eight thermocouples. The humidity
 
is measured upstream and downstream of the evaporator with dry and wicked thermocouple
 
probes. The flow rate of air through the evaporator is measured with a pitot tube arrangemen
t 




Each of the instruments used has a voltage output which is channeled to a computer 
through a computer-addressable scanner and voltmeter using a programmable input bus. As 
the data are collected, refrigerant properties are then calculated for each state point in -the
 
system. Key variables are pl_otted during system operation for the purpose of controlling ·and
 
monitoring the transient behavior of the system. The property data is also presented on a
 
pressure-enthalpy diagram on the computer monitor as data is being taken during system
 
operation. The constant feedback of displayed data and plots during system operation allows
 
system c:onditions to be monitored while experiments are in progress so that inputs can be
 . 
adjusted to obtain the desired conditions. 
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TEST CONDITIONS 
To compare the performance of the two refrigerants under varying operating conditions the evaporator .air temperature and the condenser water temperature were varied over a range of values. A third independent variable, refrigerant charge was also considered in looking at the effect on system performance .. Varying these three parameters provides a .basis of comparison valid for a whole range of operating .conditions rather. than for one specific condition. ·In addition, several tests were repeated at various conditions to demonstrate the repeatability of the experimental results. A total of 28 independent tests for the Rl2 and 60 independent tests for the R134a were·. performed.· 
Variable parameters 
In order to $imulate actual air conditioning conditions, the inlet temperature was set at 55, 60 and 65 F (13, 15.5, and 18"C) for each setting of the other independent variables. The c:ondenser water temperature was set at values of 70, 80 and 90 F (21, 27, and 32•C) which 
represents typic:al values of heat sinks available for refrigeration and air conditioning systems. The minimum refrigerant c:harge of the system was dictated by the condition that subcooling must oc:cur in the condenser. The system was run at three different charges for the R12 tests: 8.86 lb (4.02 kg), 9.27 lb (4.20 kg), and 9.77 lb (4.43,kg) and run at five different levels of 
charge for the R134a tests: 7.42 .lb (3.37 kg), 7.98 lb (3.62 kg), 8.52 lb (3.86 kg), 9.05 lb (4.10 kg), and 9.60 lbc(4.35 kg). 
Constant parameters 
As the condenser water flow, rate is increased, its effect on system· performance decreases. The reason is that the water flow rate becomes high enough that the temperature change of the water from inlet to exit is small. Thus, the condenser water flow rate was set near its maximum value (29 gpm or 110 lfmin) and held· constant for all tests. For the same reason, a large evaporator air flow rate of 2400 dm (68m3 /min) was chosen and held constant for all tests. The air in the flow loop is recirculated in an effort to reduce the effects of condensation 
on the coil surface. Thus, the humidity ratio is constant througho<Jt the flow loop. The effect of superheat on system performance was also studied and found to be insignifi-
cant relative to the effect of other variables. A 5 F (2.8"C) increase in superheat caused only a 1% increase in COP and a 2% decrease in capacity for tests with R12. Similar behavior was observed with the Rl34a. Operation of the system at low superheats (below 13 F or 7•C) frequently resulted in uncontrollable fluctuations in superheat. Such fluctuations might lead to two-phase conditions at the evaporator exit, thus damaging the compressor. Even though the effec:t of superheat on system performance is .measurable, its effect is much smaller than the effect of other independent variables and was, therefore, held constant at 13.5 F (7.5•C) for all tests. This value of superheat is consistent with those found in actual operating refrigeration and air conditioning systems. 
DATA ANALYSIS 
A curve fit of cooling capacity (based on enthalpy c:hange of the refrigerant) as a function of evaporator air inlet temperature and condenser water inlet temperature is shown in Figure 3 for Rl34a. The lines of lower evaporator air temperature correspond to lower capacity. The capacity increases apptoximately 14% for a 10 F (5.6"C) increase in evaporator air temperature. In contrast, a 10 F (5.6"C) increase in condenser water temperature causes a dec:rease in 
capacity of approximately 5%. Ninety-five percent confidence intervals are also shown on the figure. These lines account for uncertainty in the data as well as lack of fit of the data to the mathematical model selected. · 
A decrease in c:ooling capacity is caused by either of two conditions: an increase in the c:ondenser water temperature or a decrease in the evaporator air temperature. The decrease in c:apacity can be explained by considering mass flow rates and thermodynamic states. An increase in condenser water temperature causes an increase in condenser pressure with limited 
effect on subcooling and mass flow rate. For these conditions the enthalpy change in the 
evaporator is reduced which decreases the cooling capacity. Decreasing the evaporator air 
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temperature causes an drop in the evaporator pressure and refrigerant mass flow rate, but h
as 
limited efFect on the enthalpy change in the evaporator. The reduced refrigerant mass flo
w 
rate causes a drop in capacity. 
Figure 4 shows the results of a similar curve fit for COP, where the COP is calculated as 
the ratio of cooling capacity to compressor power. The behavior of COP is similar to that 
of 
capacity, in that the COP increases with increasing evaporator air temperature and decreas
es 
with increasing condenser water temperature. An increase in the evaporator air temperatu
re 
of 10 F (S.6•C) causes an increase in the COP of appro;x:imately 7%. A 10 F (5.6"C) increase 
in ihe. condenser water temperature causes a decrease in the COP of appro;x:imately 8%. 
From a statistical analysis it was determined that charge had little efFect on system perfor-
mance for R12, but was significant for Rl34a. This conclusion appears to be consistent wi
th 
the results of Snelson (1991). Therefore, in comparing the R12 and Rl34a data, the minimum 
Rl2 charge was used, since this level of charge is likely to be used in practice. Individu
al 
comparisons are then made based on each charge of Rl34a. 
All of the curve fits used. to represent the data were selected based on an analysi·s of th·e 
regression coefficients, standard deviation, and ma;x:imum errors associated with each possib
le 
model. The condenser water temperature has a slight second order efFect on system perfo
r4 
mance while the efFect of evaporator air temperature on system performance is nearly line
ar. 
The introduction of interactive terms between the two variables greatly improved the accura
cy 
of the model. Over 99% of the observed variation in the system performance was e;x:plaine
d 
with each set of data by using models with only three or four variables leaving several d
e-
grees of freedom as a check on the error. The regression coefficient, standard deviation, an
d 
maximum error for each of the curve fits presented are given in Table 1 and 2. · 
The behavior of the experimental COP is consistent with trends observed in a Carnot 
refrigeration cycle where the COP of a (arnot cycle is defined as: 
COP= T,.,~ (l) 
T~~oe-T..e~ 
For the (arnot cycle, the. COP is increased by either an increase in T,.,~ or a decrease in Th•<• 
which is the same behavior that was observed in experiments .. 
The behavior of the cooling capacity as a function_ of evaporator air temperature and 
condenser water temper~ture is more difficult to predict. The capacity may be expressed as 
follows:. 
Capacity = COP • m.,19 • t::J.h,.,.,....... (2) 
since the compressor power varies proportionately with refrigerant mass flow rate and chang
e 
in enthalpy across the compressor. The expected behavior of the refrigerant mass flow rate 
is 
similar to that of the COP in that it is increased by either an increase in T,.1~ or a decrease in T,.,. Such behavior is e;x:po=c:ted since an inc:rease in T,.,.~- greatly increases the vapor density at 
the compressor inlet. A higher vapor density translates into a higher flow rate for a consta
nt 
volume stroke in the compressor. A decrease in r •• , corresponds to a lower discharge pressure. 
Therefore, a smaller percentage of the vapor is held up in the compressor pistons giving 
a 
greater mass flow rate. Since t::J.h=• is fairly constant. the above equation predicts that cooling 
capacity, like the COP and mass flow rate, increases with an increase in T,.td or a decrease in 
r •• ,. The similarity of curve fits for the cooling capacity and COP, shown in Figures 3 and 
4, 
reveals that the e;x:perimental results follow the predicted behavior. 
COMPARISON OF REFRIGERANTS 
Mapping the performance of each refrigerant over a range of operating conditions (e.g. 
refrigerant charge, evaporator temperature, condenser temperature, etc.) is crucial for the 
following reasons: 
, Since the capacity and !:;OP cannot both be optimized simultaneously, ·their values must 
be determined for all possible operating conditions in order to make accurate comparisons. 
, Changing seasons and load conditions cause the evaporator and condenser temperatures 
to vary, which in turn afFect system performance. Varying the evaporator and condenser 
inlet temperatures, as was done for the data presented here, accounts for these changes 
in operating conditions: 
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In short, it is more useful and atturate to make comparisons that take all system variables into attount. 
For the present study comparisons are made based on air side and water side tempera-tures rather than on .refrigerant temperatures,.since local temperature ·differeriC::es in the· h·eat exthan.gers are likely to. vary for the two refrigerants and from test to :test. For Rl2 the average tem.perature differences were 26 E .(14"C) .and 12 E (6.7"C) for the evaporator and condenser, respettivel.y. For the Rl34a, .t~e average temperature differe.nce was 26 F (14"C) in the evaporator and 10 F (S.6•C) in the tondenser. , 
Comparison of COP 
. , ; . . . The ratio of the COP of R134a over that of.R12 for the same operatmg cond1t1ons.shows the fractional change in COP for the system. 
COP Ratio = COPIIIJ.Io 
·COPRn (3) 
Values greater than one represent an improvement in performante by using Rl34a in the system. Since identical operating conditions were difficult to achieve, the ratios are calculated based on the curve fits for each refrigerant. The uncertainty in the original curve fits, which accounts for all random error and any lack of fit, must then be carried 011er to the uncertainty in the calculation of ratios. By representing the ratio with a Taylor series expansion and neglecting second order and higher terms, the variance of the ratio may be determined. By this method of analysis it was determined that the differences in syst~m performance for the various nominal test conditions were valid statistically. A representa.tive value of the standard deviation of the rat.io is 0.0012. , 
Plots of the COP ratio for three different charges of R134a are shown in Figures 5 through 7. At.the lowest of the three charges shown, 7.98 lb (3.62 kg) of Rl34a, the greatest difference in performance occurs at the highest condenser water temperatures. This peak shifts to the lower water temperatures for e;~ch successive increase in charge. A comparison of the performance of different charges shows that the charge of 8.52 lb (3.86 kg) of R134a displayed the greatest improvement iri COP over the range of operating conditions with the excll!ption of at tlie highest condenser to ·evaporator temperature diffe~ences. At this charge, of 8.52 lb (3.86 kg), which is approximately 20% higher than the charge required to produce minimal subcooling, the.subcooling varied from 10 to 15 F .(5.6 to 8,3•C). The effects of condenser exit subcooling on system performance have been reported in.literature on a theoretical (Petersson 1990) .and experimental basis {Snelson 1992). At this charge the COP of R134a varies between 0 to 5% above that of Rl2 for the same conditions. The greatest differences occur at the highest evaporator air temperatures. 
Comparison ·of cooling capacity 
The coohng capacities of the two refrigerants were compared io the same manner as the COPs by using ratios to evaluate differences in performance. 
Capacity Ratio ::: Capaci~YRtJOo 
Capac•tXR12 (4) 
Calculation of the variance in the capacity ratios shows that the differences in capacity for the various operating conditions are statisically significant. A representative value of the standard deviation of the ratio is 0.004. 
Plots of the cooling capacity for the three different charges of R134a are shown in Fig-ures 8 through 10. The same shift in peak values that is observed with COP is seen with capacity. The peak in capacity relative to R12 shifts toward liigher condenser water tempera-tures with increasing charge. Also, the greatest differences occur at the highest evaporator air temperatures. Again the charge of 8.52 lb (3.86 kg) of R134a shows the greatest increase in performance over the entire ·range of conditions, however, every other charge showed higher capacities at some condition than with Rl2. For the charge of 8.52 lb (3.86 kg) of Rl34a, the ratio of capacities varied between .98 and L07 with a majority of the curve showing a greater 
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capacity with R134a. 
Comparisons blllled on pressure ratio 
In Figures 5-10, the COPs of the two ·refrigerants were compared ba~d on identical teSt 
conditions. The COP may also be compared based on the pressure ratio (condenser inlet 
pressurefevaporatot inlet pressure). A plot of COP versus pre"ssure ratio is shown in Figure 11. 
The curves show that the COP decreases with increasing pressure ratio for both 
refrigerants 
which is consistent with the trends predicted by theory. Since the pressure ratio 
of R134a is 
higher than that for R12, one might conclude from theoretical considerations that t
he COP for 
R134a is lower. However, such a conclusion appears to be inaccurate based on o
bservations 
of the experimental data. Figure 11 shows that in fact the pressure ratio of Rl34a
 would have 
to be 25% greater than that of Rl2 to give a lower COP. For all test conditions, th
e pressure 
ratio was much less than 25% leading to the conclusion that the COP of R134a
 is greater 
than that of Rl2. · 
CONCLUSIONS 
The CO-P and cooling capacity ot"Rl34a proved to exceed that of R12 for the 
majority 
of test conditions. The values of COP and capacity for R134a are a maximum o
f 5.4% and 
6.8% higher than those for Rl2, respectively where thes~ differences were determined to 
be 
statistically significant. The greatest differences between the two refrigerants we
re observed 
at the highest evaporator air temperatures. 
The amount of refrigerant used in the system had little effect on system performa
nce with 
R12 but, had a significant effect with Rl34a. The charge that gave the greatest
 it~crease in 
performance over the ra~:~ge of operating conditions was at a charge 20% higher than th
at 
which· first showed subcooling. The amount of superheat at the evaporator exit 
has· a fairly 
insignificant effect on the total performance of the system. A superheat of 13.
5 F (7:s•C) 
proved to be a reasonable choice for the comparison tests. 
The comparison of refrigerants presented in this paper demonstrates the importa
nce of a 
study which allows for variation of several independent variables. The effects o
f refrigerant 
charge, evaporator air temperature, and eondenser water temperature· on system p
erformance 
and on comparisons of the two refrigerants were shown to be statistically significan
t. The data 
base generated by t~e variation of these parameters allows for studies based on other ind
epen· 
dent variables such as system pressures. Such comparisons will add in the unders
tanding and 
modeling of systems arid will be the topic future papers. 
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Table 1: St-atistical data for curve fits of COP. 
7 .981b Rl34~ 8.521b Rl34a 9.051b Rl3~ 8.86 lb Rl2 
Recression Coefficient 0.997 0.998 0.996 0.996 
Standard Deviation 0.011 0.016 0.005 0.006 
Maximum Error 0.019 0.021 0.007 0.008 
Table 2: Statistical data for curve fits of cooling capacity (BTU/min). 
7.981b Rl34~ 8.521b R134~ 9.051b R134a 
Regression Coefficient 0.997 0.998 0.996 
St;~ndard Deviation 4.2 3.7 2.9 
Maximum Error 7.0 6.7 5.3 
r'll.:'•~ ~· tt ~ 1 tt:"'lt L 


















Figure 2: Schematic of vapor compression refrigeration system. 
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Figure 3: Evaporator capacity with 8.52 lb Rl34a. 
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Figure 5: COP ratio with 7.98 lb Rl34a and 8.86 lb R12. 
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Figure 7: COP ratio wi~h 9.05 lb Rl34a and 8.86 lb RI;'!. 
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Fi~:ure 9: Capacity ratio with 8.52 lb Rl34a and 8.86 lb Rl2. 
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_Figure 10: Capacity ratio with 9.05 lb R134a and 8.86 lb Rl2. 
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Figure II: COP versus pressure ratio for all data. 
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